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PRODUCTION PROCESS FOR POLYMERIC MICELLE 
CHARGED THEREIN WITH DRUG AND POLYMERIC 
MICELLE COMPOSITION 
Technical Field 

5 The present invention relates to a production process for a 

polymeric micelle charged therein with a water-scarcely soluble drug 
and a polymeric micelle composition as a medicinal preparation. 

Background Art 

10 It is known to use a block copolymer having a hydrophilic 

segment and a hydrophobic segment for a drug carrier and how to 
charge a polymeric micelle formed by the above copolymer with a * 
fixed drug (Japanese Patent Application Laid-Open No. 107565/1994 
or U.S. Patent No. 5,449,513). Further, know as well are a composi- 

15 tion containing a homogeneous polymeric micelle charged therein 

with a water-scarcely soluble drug and a preparation method therefor 
(Japanese Patent Application Laid-Open No. 335267/1999). 

Described in Japanese Patent Application Laid-Open No. 
107565/1994 is a method in which a micelle is charged therein with a 

2Q drug by forming in advance a micell of a block copolymer in an aque- 
ous medium, adding a drug to this micelle solution and, if necessary, 
mixing and stirring it under heating or supersonic treatment. Fur- 
ther, described in Japanese Patent Application Laid-Open No. 
335267/1999 is a method for preparing a micelle therein charged with 

25 a drug by dissolving a block copolymer and the drug in a water- mis- 
cible polar solvent (for example, dimethylformamide, dimethylsul- 
foxide and acetonitrile) and then dialyzing the solution against water. 

According to the conventional techniques described above, 
it can be found that various advantages are present in use of poly- 

3o meric micelles as drug carriers. However, there are a case where a 
content of a drug charged into a polymeric micelle can not be elevated 
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so much depending on the kind of the drug, particularly a water- 
scarcely soluble drug and a case where a resulting polymeric micelle 
is not necessarily stable in water or a buffered aqueous solution. 

5 Disclosure of the Invention 

Accordingly, an object of the present invention is to pro- 
vide a method in which a water-scarcely soluble (or oil-soluble) drug 
can readily and stably be charged into a polymeric micelle and further 
to provide a polymeric micelle charged therein with a stable drug 

10 which can significantly raise a drug concentration in water or a buf- 
fered or isotonic aqueous solution. 

The present inventors have found that a drug, particularly 
a water- scarcely soluble drug can efficiently be charged into a poly- 
meric micelle by simple steps comprising dissolving a drug, particu- 

15 larly a water-scarcely soluble drug and a fixed block copolymer capa- 
ble of forming a polymeric micelle in an aqueous medium in a water 
non-miscible organic solvent, preparing an oil-in-water (O/W) type 
emulsion from the solution thus obtained and water and then volatil- 
izing the organic solvent. Further, they have found as well that 

20 suitable selection of the block copolymer used for forming a polymeric 
micelle makes it possible to homogeneously maintain a water-scarcely 
soluble drug in a very high concentration in an aqueous medium. The 
present invention is based on the findings described above. 

Thus, according to the present invention, provided as the 

25 first embodiment is: 

a production process for a polymeric micelle charged is with a wa- 
ter-scarcely soluble drug, comprising the steps of: 

(A) dissolving a water-scarcely soluble drug and a block copoly- 
mer having a hydrophilic segment and a hydrophobic segment in a 

30 water non-miscible organic solvent to prepare an organic solution, 

(B) mixing the resulting organic solution with an aqueous 
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medium to form an oil-in-water (0/W) type emulsion, 

(C) vaporizing and removing the above organic solvent from 



the resulting emulsion to form a polymeric micelle solution charged 
therein with the above drug, and 



necessary, to supersonic treatment and ultrafiltration treatment. 



of block copolymers can be used as specifically described later. 
Among them, block copolymers represented by the following Formula 

10 (I) or (II) described in Japanese Patent Application Laid-Open No. 
335267/1999 can suitably be used. It is indicated that in the method 
described in the above gazette, aspartate in which x to y in the follow- 
ing Formula (I) or (II) is 7 : 3 to 1 : 3 can not necessarily efficiently be 
used in charging a water-scarcely soluble drug. It has been con- 

15 firmed, however, that according to the production process of the 
present invention, even such block copolymer makes it possible to 
efficiently charge a polymeric micelle with a drug and that the result- 
ing polymeric micelle charged therein with the drug can stably be 
present in an aqueous medium. 

20 Accordingly, provided as another embodiment of the 

present invention is a composition comprising a polymeric micelle 
originating in a block copolymer charged therein with a drug, wherein 
the drug is a water-scarcely soluble drug; the block copolymer is 
represented by the following Formula (I) or (II): 
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(D) 



subjecting the resulting polymeric micelle solution, if 



In the production process described above, a wide variety 



25 



Kj-eoCHzCH^L,- ((C0CflNH) x • (C0CHNH) y -)-R 2 
CH 2 C00H CfljCOOCHz^ 




(I) 



or 
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R 3 -eOCH 2 CH 2 VL 2 - ((NHCBCO) x - (NBCBC0) y -)-R 
CH 2 C00H CB 2 C00CB 2 




(II) 



[wherein R, and R 3 each represent a hydrogen atom or a lower alkyl 
5 group; R 2 represents a hydrogen atom, a saturated or unsaturated C } 
to C 29 aliphatic carbonyl group or an arylcarbonyl group; R 4 repre- 
sents a hydroxyl group, a saturated or unsaturated Cj to C 30 ali- 
phatic oxy group or an aryl-lower alkyloxy group; L, represents a 
linkage group selected from the group consisting of -NH-, -0- and 

10 -OCO-Z-NH- (wherein Z represents a Cj to C 4 alkylene group); L 2 
represents a linkage group selected from -OCO-Z-CO- and 
-NHCO-Z-CO- (wherein Z represents a C, to C 4 alkylene group); n 
represents an integer of 10 to 2500, preferably 100 to 1000; x and y 
may be the same or different and represent integers the total of 

15 which is 10 to 300, preferably 20 to 100; x to y falls in a range of 3 : 1 
to 0 : 100, preferably 7 : 3 to 1 : 3; x and y each are present at ran- 
dom]; and a micelle solution prepared by dissolving or dispersing the 
above micelle in water can stably be maintained in a drug concentra- 
tion of at least 3 mg per ml of the solution. 

20 According to the present invention of this embodiment, a 

water-scarcely soluble drug which has so far been used in the form of 
a pharmaceutical preparation for dripping because of difficulty to 
prepare an aqueous liquid preparation having a high drug concentra- 
tion can be used in the form of a liquid preparation having a high 

25 concentration of an effective ingredient, and it is possible as well to 
use the water-scarcely soluble drug in the form of an injection prepa- 
ration which makes it possible to administer a required amount of an 
effective ingredient for short time. 
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Best Mode for Carrying Out the Invention 

The "water-scarcely soluble drug" described in the present 
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invention means such a drug that is not substantially dissolved in an 
equivalent amount of water under an ambient environment of a room 
temperature and an atmospheric pressure or is distributed preferen- 
tially in a chloroform phase in a solvent system of an equivalent 
5 amount of water and chloroform. It shall not be restricted, and 

capable of being given as such drug are drugs including carcinostatic 
agents such as adriamycin, paclitaxel, docetaxel, methotrexate, 
vincristine, topotecan and derivatives thereof, macrolide base antibi- 
otics such as ilotycin, erythromycin and clarislomycin, antifungal 

10 agents such amphotericin B, itoraconasol, nystatin and miconasol, 
steroidal antiinflammatory agents such as dexamethasone and tri- 
amcinorone, nonsteroidal antiinflammatory agents such as indometa- 
cin and dichlophenac, hormones such as estradiol, testosterone, 
progesterone, diethylstilbestrol and derivatives thereof, prostaglan- 

15 din, prostacyclin and other drugs for a central nervous system, drugs 
for a cardiovascular system and drugs for a digestive system. The 
method of the present invention is preferably applied to drugs having 
a solubility of 5 jig/ml or less in water at a room temperature. Among 
those described above, paclitaxel, docetaxel, camptothecin, topotecan 

20 and derivatives thereof can be given as such preferred drugs. 

The "block copolymer having a hydrophilic segment and a 
hydrophobic segment" described in the present invention means a 
copolymer which can be present in an aqueous medium in the form of 
a core (mainly comprising hydrophobic segments)-shell (mainly 

25 comprising hydrophilic segments) type polymeric micelle and which 
meets the objects of the present invention. Meeting the objects of the 
present invention means that a polymeric micelle into which a drug is 
charged (introduced) can be formed at least by a method described 
later, and the term that a drug is charged means a state in which the 

30 drug is sealed principally in a core part (or area) of a polymeric 

micelle. The "hydrophilic segment" constituting such block copolymer 
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shall not be restricted and includes segments originating in poly- 
ethylene oxide), poly(malic acid), poly(saccharide), poly(acrylic acid), 
polyvinyl alcohol) and poly(vinylpyrrolidone). On the other hand, the 
"hydrophobic segment" shall not be restricted and includes segments 
5 originating in poly(p-benzyl aspartate), poly(y-benzyl glutamate), poly- 
(P-alkyl aspartate), poly(lactide), poly(e-caprolactone), poly(6-valero- 
lactone), poly(y-butyrolactone), poly(a-amino acid) and two or more 
kinds thereof. 

Publicly known block copolymers containing such segments 
10 can be used as they are or after modified. To be specific, capable of 
being used as they are or after modified a little are those described in 
Japanese Patent Application Laid-Open No. 107565/1994 and Japa- 
nese Patent Application Laid-Open No. 335267/1999 described above, 
Japanese Patent Application Laid-Open No. 506961/ 1995 (= WO 93/ 
15 16687), WO 96/33233, WO 96/32434 and WO 97/06202. In particular, 
among the block copolymers described in Japanese Patent Application 
Laid-Open No. 335267/1999, such block copolymers as specified by 
Formula (I) or (II) are particularly preferred. According to Japanese 
Patent Application Laid-Open No. 335267/1999, it is indicated that 
20 when a carboxyl group unit 

-(COCHNHfcr 
I 

CH 2 C00fl 

in Formula (I) or (II) described above is an ester with a saturated or 
25 unsaturated Cj to Cgo aliphatic alcohol, particularly an ester with a 
middle or high alkyl alcohol, it is suited for charging a water-scarcely 
soluble drug into a polymeric micelle. To be unexpected, however, 
according to the present invention, in preparing, for example, mi- 
celles of paclitaxel, docetaxel, camptothecin and topotecan, the block 
30 copolymers having a form represented by Formula (I) or (II) de- 
scribed above in which an aspartate unit is partially hydrolyzed 



among the block copolymers can more suitably be used in order to 
stabilize the polymeric micelle charged therein with the drug in an 

aqueous medium. 

Specific examples of the respective groups shown in 
5 Formulas (I) and (ID include the following ones. The "short chain 
alkyl group" represented by R, and R 3 can be a linear or branched 
chain having 1 to 6 carbon atoms and includes methyl, ethyl, iso- 
propyl, n-butyl and isoamyl. The "saturated or unsaturated C, to C 29 
aliphatic carbonyl group or arylcarbonyl group" represented by R 2 can 
10 be acetyl, propionyl, isopropionyl, decanoyl, dodecanoyl (lauroyl), 
tetradecanoyl (myristoyl), hexadecanoyl (palmitoyl), octadecanoyl, 
9,12-octadecadienoyl (linoloyl), icosanoyl (arachidonoyl) and benzoyl. 
The "saturated or unsaturated C, to aliphatic oxy group or 
aryl-lower alkyloxy group" represented by R 4 can be methoxy, ethoxy, 
15 octyloxy, docosyloxy and benzyloxy. 

In general, L 2 and L 2 are linkage groups which can freely 
be changed depending on the production process of the block copoly- 
mers represented by Formulas (I) and (ID- The polymer in which L, 
is -NH-, -O- or -OCO-Z-NH- can be obtained when an cc-amino acid 
20 chain is extended via an amino group shown below by a carbon diox- 
ide-ehminating polymerization method (so-called NCA method) in 
which after forming a polyoxyethylene segment by anion-living poly- 
merization, a hydroxyl group at a (o-terminal is converted to an amino 
group or a -OCO-Z-NH 2 group (Z is a C, to C 4 alkylene group) and 
25 then an N-carboxylic acid anhydride of p-benzyl aspartate is used. 
Similarly, the polymer in which L, is -O- includes those obtained by 
forming a polyoxyethylene segment by anion-living polymerization 
and extending a polyamino acid segment at a o-terminal thereof by 
the NCA method or condensing polyoxyethylene with poly-P-benzyl 
30 aspartate which is separately produced by the NCA method. 

The block polymer represented by Formula (ID includes 
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usually those which can be provided by separately producing poly- 
oxyethylene and poly-P-benzyl aspartate and then converting a 
o)-terminal of polyoxyethylene to a carboxyl group or, if necessary, 
linking a carboxyl group with an N- terminal amino group of polyamino 
acid via a Cj to C 6 alkylenedicarboxylic acid. 

The block copolymer containing a desired extent of the 
free aspartic acid unit described above can advantageously be pro- 
duced by subjecting the poly-P-benzyl aspartate segment (or block) 
described above to a partial hydrolytic reaction. The specific produc- 
tion process of the block copolymer described above is specifically 
described in Japanese Patent Application Laid-Opeh No. 335267/ 
1999, and therefore it can be referred to, if necessary. 

The present invention shall further be explained below 
with reference mainly to an example in which the block copolymer 
represented by Formula (I) is used, and other various block copoly- 
mers shall be able to be used as well by modifying a little. 

The "water non-miscible organic solvent" described in the 
present invention means a solvent having a concept opposed to 
dimethylformamide, dimethylsulfoxide and acetonitrile which are 
substantially freely miscible with water and which are used for form- 
ing a polymeric micelle in Japanese Patent Application Laid-Open No. 
335267/1999. It shall not be restricted, and specific examples thereof 
include chloroform, methylene chloride, toluene, xylene, n-hexane or 
a mixture thereof. 

In a step (A) of the process of the present invention, 
prepared is a solution obtained by dissolving a drug and a block 
copolymer in a water non-miscible organic solvent. Such solution can 
be prepared by separately dissolving the drug and the block copoly- 
mer in the solvents and then joining them together or mixing and 
dissolving the drug and the block copolymer in a single vessel at the 
same time. If the solution containing a concentrated solute has to be 
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prepared, the solute is dissolved (or homogeneously dispersed) in a 
large amount of a solvent, and then a fixed amount of the solvent may 
slowly be distilled off. A preferred range of a mixing ratio of the drug 
used to the block copolymer can be changed depending on the kind of 
5 the drug used and a charging rate of the intended drug and therefore 
is not specified. In general, it is 1 : 20 to 2 : 5, preferably 1 : 10 to 1 : 
3 in terms of a weight ratio of the drug to the block copolymer. 

In a step (B), the organic solution thus prepared is mixed 
with an aqueous medium to prepare an oil-in-water (O/W) type emul- 

10 sion. Water (including purified water or ion-exchanged water) or an 
isotonicity-reduced or buffered aqueous solution containing sodium 
chloride or a buffer agent can be give as an example of the aqueous 
medium. However, the aqueous medium may further contain a small 
amount of a water-miscible organic solvent and other inorganic salts 

15 (for example, sodium sulfate and the like) as long as they do not exert 
an adverse effect to formation of the O/W type emulsion. Usually, 
the organic solvent and the aqueous medium are mixed in a volume 
ratio of 1 : 100, preferably 1 : 20. Capable of being used for this 
mixing means are means conventionally used for preparing various 

20 emulsions, a mechanical stirrer, a shaker and a supersonic irradiating 
equipment. An operating temperature of such means shall not be 
restricted and is set preferably to a range of about -5 to about 40°C 
considering a temperature stability of the drug and a boiling point of 
the solvent. 

25 Thus, the O/W type emulsion is formed, and then the 

mixing operation described above is continued in an open system or 
the organic solvent is vaporized and removed (or volatilized and 
removed) under reduced pressure while stirring. Thus, as volatiliza- 
tion of the organic solvent goes on, the emulsion is changed to a 

30 polymeric micelle solution (or dispersion). 

The polymeric micelle solution may be subjected to filter- 
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tag treatment of insolubles and deposited matters by means of a 
filtering membrane as it is or after subjecting to supersonic treat- 
ment if there is a possibflity that the polymeric miceUe is associated 
or coagulated. The filtering membrane used shall not be restricted, 
5 and a membrane having a pore diameter of about 1 pm is preferred. 
Further when the aqueous medium contains sodium chloride, sodmm 
chloride contained in a physiological saline solution is removed by 
dialysis to obtain a micell medicine. The dialysis membrane shall not 
be restricted by a material and a pore diameter as long as it can 
10 efficiently separate the raw material, solvent, drug and polymer used. 
Usually, a cellulose membrane is used. After dialysis, supersonic 
treatment may further be carried out to mono-disperse the associ- 
ated micelles. 

The polymeric micelle according to the present invention is 
15 stable in the aqueous medium as described above, and the drug 
concentration in the liquid preparation can be raised. In order to 
elevate the drug concentration in this micelle solution (liquid prepara- 
tion), concentration by filtration or freeze-drying can be carried out. 

The method described above makes it possible to control 
20 the drug concentration to 10 to 30 % by weight based on the total 
weight of the drug and the copolymer. Further, when the copolymer 
represented by Formula (I) is used, capable of being provided is the 
composition of the aqueous medium in which the polymeric micelle 
can stably be maintained in a drug concentration of about 3 mg, 
25 preferably about 6 mg and particularly preferably about 10 mg per ml 
of the polymer micelle solution. Being eapable of stably maintaining 
the polymeric micelle means that when the above composition is left 
standing at a room temperature, association between the polymeric 
miceUes and discharge of the drug from the polymeric micelle are not 
30 brought about at least for several hours. The above association and 
discharge of the drug can be confirmed by optical inspection or visual 
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observation. 

The present invention shall further be explained below 
with reference to specific examples, but the present shall not be 
restricted by these examples. 
5 Examples 1 to 4 : effect of a change in a proportion of the drug to the 
copolymer 

Used was polyethylene glycol (molecular weight: 12000)- 
co-50 % partially hydrolyzed polybenzyl aspartate (n = 50) (hereinaf- 
ter referred to as 12-50PH) (corresponding to the copolymer repre- 

10 sented by Formula (I)). Dissolved in 5 ml of chloroform respectively 
were 50 mg of 12-50PH and 5, 10, 15 and 20 mg of paclitaxel (obtained 
from Signum Ltd.), and chloroform was distilled off to adjust the 
amount of the chloroform solution to 0.5 ml after concentration, 
whereby four kinds of the chloroform solutions having different ratios 

15 (in terms of a weight ratio) of the polymer to the drug were obtained 
(the ratios were 100 : 10, 100 : 20, 100 : 30 and 100 : 40). They were 
dispersed in 5 ml of a 5 % saline aqueous solution respectively and 
stirred vigorously for about 30 minutes to obtain four kinds of O/W 
emulsions. Then, chloroform was distilled off while stirring slowly at 

20 a room temperature to obtain polymeric micelle solutions containing 
paclitaxel. They were filtered by means of a membrane having a pore 
diameter of 0.45 pm to remove foreign matters, and the drug con- 
tents in this stage were determined by means of HPLC. The results 
thereof are shown in the following Table I. 
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Table I 



Example number 


1 


2 


3 


4 


Drug concentration (%) 


10 


20 


30 


40 


in charged polymer 










Entrapment (%) 


69 


96 


71 


59 



10 As apparent from the results shown in Table I, it is shown 

that the entrapment is high when the polymer and the drug were 
charged in a ratio of 100 : 10 to 100 : 30. 

Examples 5 to 6 : difference in the characteristics of the polymeric 
micelles according to the kind of the copolymer 

15 Used were two components of 12-50PH and polyethylene 

glycol (molecular weight: 12000)-co-polybenzyl aspartate (n = 25) 
(hereinafter referred to as 12-25). 

Used were 50 mg of the respective copolymers and 10 mg 
of paclitaxel to charge the polymer with the drug in a ratio of 100 : 20 

20 to prepare polymeric micelles by the same method as in Example 1 
(provided that supersonic irradiation was carried out for 15 minutes 
by means of a probe type supersonic apparatus before filtering by 
means of a membrane having a pore diameter of 0.45 ^im). The 
drug-charging rates in this stage were 94 % in 12-50Ph and 64 % in 

25 12-25. The concentrations of the drugs contained in the aqueous 
solutions in this stage were 1.60 mg/ml and 1.23 mg/ml respectively, 
and they were further filtered and concentrated. This concentration 
was carried out by pressurized filtration using Mole Cut L manufac- 
tured by Millipore Co., Ltd. Even if concentrated up to 10.9 mg/ml in 

30 12-50PH, nothing abnormal was found in the aqueous solution, and it 
was possible to further concentrate. In 12-25, however, the solution 
could be concentrated only to 4.1 mg/ml, and precipitants were ad- 
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hered to the filtering membrane. As apparent from this result, the 
more concentrated paclitaxel micelle solution can be prepared in a 
system using partially hydrolyzed polybenzyl aspartate. 
Example 7 : 

5 Precisely weighed into a glass-made centrifugally settling 

tube was 50 mg of polyethylene glycol-co-50 % partially hydrolyzed 
polybenzyl aspartate (12-50PH), and added thereto was 5 ml of a 
chloroform solution of paclitaxel having a concentration controlled to 
2 mg/ml. It was stirred and dissolved, and then chloroform was 

10 distilled off under nitrogen flow to adjust an amount of the chloro- 
form solution to 0.5 ml after concentration. Added thereto was 5 ml 
of a 5 % sodium chloride aqueous solution, and the tube was tightly 
sealed and vigorously stirred to form an O/W emulsion. The tightly 
sealed stopper was removed 30 minutes later, and chloroform was 

15 distilled off while slowly stirring at a room temperature for a whole 
day and night, whereby a polymeric micelle aqueous solution charged 
therein with the drug was obtained. The polymeric micelle solution 
was irradiated with a probe type supersonic apparatus for 15 minutes 
by applying intermittent oscillation by every second to sufficiently 

20 disperse the micelles. Then, the solution was filtered by means of a 
filter having a pore diameter of 0.45 fim and further dialyzed to 
remove sodium chloride. Thereafter, a sodium chloride solution was 
added to reduce the solution to isotonicity. Further, the solution was 
pressure-filtered and concentrated by means of an Amicon ultrafilter 

25 (UK200 membrane). This provided a polymeric micelle aqueous 

solution having a paclitaxel concentration of 13.5 mg/ml. This solution 
had a chloroform content of 5 ppm or less. 
Example 8: 

Precisely weighed into a glass-made centrifugally settling 
30 tube was 50 mg of polyethylene glycol-co-polybenzyl aspartate (12-25), 
and added thereto was 5 ml of a chloroform solution of paclitaxel 
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having a concentration controlled to 2 mg/ml. Hereinafter, a poly- 
meric micelle aqueons solntion containing paclitaxel was obtained in 
the same manner as in Example 7. The drug concentration thereof 
was 3.5 mg/ml. 
Kvamnle 9 : 

Precisely weighed into a glass-made centrifugally settling 
tube was 50 mg of polyethylene glycol-co-50 % partially hydrolyzed 
polybenzyl aspartate (12-50PH), and added thereto was 5 ml of a 
chloroform solution of paclitaxel having a concentration controlled to 
3 mg/ml. Hereinafter, a polymeric micelle aqueous solution contain- 
ing paclitaxel was obtained in the same manner as in Example 7. The 
drug concentration thereof was 6.7 mg/ml. 

Baanmka into 13: 

Used in a glass-made centrifugally settling tube respec- 
tively were four kinds of 35, 50, 65 and 75 % partially hydrolyzed 
polybenzyl aspartates (n = 50) (12-50PH) of the copolymer. Each 50 
mg of the respective polymers was precisely weighed, and added 
thereto was 5 ml of a chloroform solution of paclitaxel having a 
concentration controlled to 2 mg/ml to prepare four kinds of solu- 

, tions Each was stirred and dissolved, and then chloroform was 
distilled off under nitrogen flow to adjust an amount of the chloro- 
form solution to 0.5 ml after concentration. Added thereto was 5 ml 
of a 5 % sodium chloride aqueous solution, and the tube was tightly 
sealed and vigorously stirred to form an O/W emulsion. The tightly 

5 sealed stopper was removed 30 minutes later, and chloroform was 
distilled off while slowly stirring at a room temperature for a whole 
day and night, whereby four kinds of polymeric micelle aqueous 
solutions charged therein with the drug were prepared. The poly- 
meric micelle solutions were irradiated with a probe type supersonic 

,0 apparatus for 15 minutes by applying intermittent oscillation by every 
second to sufficiently disperse the micelles. Then, the solutions were 
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filtered by means of a filter having a pore diameter of 0.45 fim. The 
paclitaxel concentrations in a stage before concentration were 1.8, 1.9, 
1.6 and 1.7 mg/ml respectively. 
Example 14 : 

5 Precisely weighed into a glass-made centrifugally settling 

tube was 50 mg of polyethylene glycol (molecular weight: 5000)-co- 
polybenzyl aspartate (n = 12) (5-12), and added thereto was 5 ml of a 
chloroform solution of paclitaxel having a concentration controlled to 
2 mg/ml. Each was stirred and dissolved, and then chloroform was 

10 distilled off under nitrogen flow to adjust an amount of the chloro- 
form solution to 0.5 ml after concentration. Added thereto was 5 ml 
of a 5 % sodium chloride aqueous solution, and the tube was tightly 
sealed and vigorously stirred to form an O/W emulsion. The tightly 
sealed stopper was removed 30 minutes later, and chloroform was 

15 distilled off while slowly stirring at a room temperature for a whole 
day and night, whereby a polymeric micelle aqueous solution charged 
therein with the drug was prepared. The polymeric micelle solution 
was irradiated with a probe type supersonic apparatus for 15 minutes 
by applying intermittent oscillation by every second to sufficiently 

20 disperse the micelles. Then, the solution was filtered by means of a 
filter having a pore diameter of 0.45 (im. Thereafter, a sodium 
chloride solution was added to reduce the solution to isotonicity. The 
paclitaxel concentration in a stage before concentration was 1.6 
mg/ml. 

25 Example 15 : 

Precisely weighed into a glass-made centrifugally settling 
tube was 50 mg of polyethylene glycol-co-polybenzyl aspartate (12-25), 
and added thereto was 5 ml of a chloroform solution of paclitaxel 
having a concentration controlled to 2 mg/ml. It was stirred and 

30 dissolved, and then chloroform was distilled off under nitrogen flow to 
adjust an amount of the chloroform solution to 0.5 ml after concentra- 
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tion. Added thereto was 5 ml of a 5 % sodium chloride aqueous 
solution, and the tube was tightly sealed and vigorously stirred to 
form an O/W emulsion. The tightly sealed stopper was removed 30 
minutes later, and chloroform was distilled off while slowly stirring at 
5 a room temperature for a whole day and night, whereby a polymeric 
micelle aqueous solution charged therein with the drug was prepared. 
The polymeric micelle solution was irradiated with a probe type 
supersonic apparatus for 15 minutes by applying intermittent oscilla- 
tion by every second to sufficiently disperse the micelles. Then, the 
10 solution was filtered by means of a filter having a pore diameter of 
0.45 fim. The paclitaxel concentration in a stage before concentration 
was 1.1 mg/ml. 



